INTRODUCTION
During the construction of offshore oil platforms, turbine generator base support plates and blind plate flanges are widely used, and their coplanarity is related to the normal operation of generators, cranes, pumps and fans, so their coplanarity analysis Very important. Coplanarity is the deviation of the macroscopic concave-convex height of the substrate from the optimal plane, which is a shape error in the row position error. The coplanarity error refers to the variation of the measured actual surface relative to its optimal plane. The actual surface to be measured is compared with the optimal plane, and the line value distance between the two is the coplanarity error.
TRADITIONAL COPLANARITY ANALYSIS METHODS

Maximum Straightness Assessment
The principle of the maximum straightness evaluation method is to use the maximum straightness error value among all the straight lines in the measured plane as the flatness error [1] . As shown in Figure 1 , the measured plane is a square of 100m × 100m, and the measurement sampling points are evenly distributed in the square to be measured. The measurement numbers are A, B, C, D, E, F, G, H, I. (See Figure 1a) , the relative coordinate value of the Z coordinate of each measuring point is mm (see Figure 1b) . According to the evaluation principle of the maximum error method, there are six straight lines AC, DF, GI, AG, BH, CI, AI, CG in the plane to be measured, wherein the straight line CI has the largest straightness error value (see Figure 2) , so the plane the flatness error evaluation result is 12 mm. 
Diagonal Evaluation
The diagonal evaluation method is to linearly transform the measured sample point data of the actual measured plane (the Z coordinate value of each measurement point is simultaneously added or subtracted by a certain value, and the coordinate values of each measurement point are rotated relative to an axis [1] [2] .The Z coordinate values on the two diagonals of the transformed plane are equal, and the plane parallel to the two diagonals is used as the optimal plane to evaluate the flatness error of the measured plane. Still taking the measurement data of Figure 1b as an example (for comparison purposes, the following various evaluation methods use this set of data), and the transformation process is shown in Figure 3 . First, as shown in Figure 3a , as the rotary axis, the Z coordinate value of point C is subtracted by 115 mm, and the Z coordinate value of point G is added by 115 mm to obtain the data of Fig. 3b ; and then 0-0 is shown as Fig. 3b . For the rotation axis, the Z coordinate value of point A is subtracted by 3 mm, and the Z coordinate value of point I is added by 3 mm to obtain the data of Fig. 3c . It can be seen from the data of Fig. 3c that the Z coordinate values of point A and point I on the diagonal AI of the measured plane are both + 2 mm, and the Z coordinate values of point C and point G on the diagonal CG are both + 6.5 mm, which is consistent with Diagonal method. The flatness error evaluation result was 11.5 mm.
Figure3. Schematic diagram of the diagonal evaluation method
Three-Point Evaluation Method
The principle of the evaluation method is to linearly transform the measured sample point data of the actual measured plane by a certain form (the Z coordinate value of each measurement point is simultaneously added or subtracted by a certain value, and the coordinate value of each measurement point is rotated relative to a certain axis), so that The Z coordinate values of the 3 points in the outermost layer of the transformed plane are equal, and the plane formed by the 3 points is taken as the optimal plane, and the flatness error of the measured plane is evaluated [1] [2] [3] [4] . The transformation process is shown in Figure 4 . First, take 0-0 as the rotary axis shown in Fig. 4a , subtract the 115 coordinate value of C point by 115mm, and increase the Z coordinate value of point G by 115mm to obtain the data of Fig. 4b ; then, with 0 -as shown in Fig. 4b As the rotary axis, the Z coordinate of point A is added to 115 mm, and the Z coordinate value of point I is subtracted by 115 mm to obtain the data of Fig. 4c . It can be seen from the data of Fig. 4c that the Z coordinate values of the 3 points A, C, and G points of the outermost layer of the measured plane are + 615 mm, which conforms to the three-point evaluation principle, and the flatness error evaluation result is 12 mm. The result is not unique. 
Minimum Area Assessment
The principle of the minimum area assessment method is to ensure that two planes parallel to the optimal plane contain the actual plane sampling point data and the distance is the smallest. For the case where the measured point of the plane to be measured is 9 points, the linearly transformed data should satisfy one of the cross criterion, the triangular criterion or the linear criterion [3] . The evaluation result of the obtained flatness error should satisfy the minimum regional condition. The transformation process is shown in Figure 5 . First, take 0-0 as the rotary axis shown in Fig. 5a , subtract the 115 coordinate value of C point by 115mm, and increase the Z coordinate value of point G by 115mm to obtain the data of Fig. 5b ; then, with 0 -as shown in Fig. 5b 0 is used as the rotary axis, and the Z coordinate value of point A is subtracted by 1 mm, and the Z coordinate value of point I is added by 1 mm to obtain the data of Fig. 5c . It can be seen from the data of Fig. 5c that the Z coordinate data of the two intersecting straight lines CG and BF on the measured plane are respectively the maximum value + 615 mm and the minimum value -4125mm, which meets the cross criterion of the minimum area evaluation method, and the flatness error evaluation result is 10.75mm 
Characteristics of Traditional Coplanar Analysis Methods
The results of the above-mentioned coplanarity evaluation of the same measured plane by various conventional evaluation methods are listed in Table 1 below. It can be seen from the analysis results in the table that the coplanarity error obtained by the minimum area method is the smallest; the coplanarity result obtained by the diagonal evaluation method is about 1.13 times of the coplanarity result obtained by the minimum area method, and the obtained value is the most Close; the maximum value is the same as the value obtained by the three-point evaluation method, which is about 1.18 times of the result obtained by the minimum area method, and the obtained value error value is slightly larger.
Table1. Coplanarity error values obtained by various traditional evaluation methods
Analytical method
Minimum area method Diagonal method Three-point method Maximum straightness method Coplanar error value 10.175 11.5 12 12 Comparing the difficulty of data processing of various traditional evaluation methods, the traditional coplanarity evaluation method is characterized by: if the number of data sampling points of the measured plane is small and evenly distributed, the maximum straightness method, the three-point method and the pair The data processing of the angular method is quite simple; the results obtained by the three-point evaluation method are not unique, and the data processing of the minimum area method is more complicated, because not all measurement data can satisfy the cross criterion, the triangle criterion or the linear transformation. One of the straight line criteria. Moreover, when the data sampling points of the measured plane are not evenly distributed and the number of data collection points is large, it is quite cumbersome to evaluate the coplanarity error by the maximum straightness method, the diagonal method and the diagonal method, and it is even impossible to evaluate [4] [5] .
NEW METHOD OF COPLANARITY ANALYSIS
This paper introduces a method of fitting the optimal plane by least squares method, and calculates the vector distance from the measurement point to the optimal plane on each support plate to determine whether the coplanarity meets the relevant technical requirements and makes adjustments.
Establishing a Mathematical Model
First, we use the total station to collect the coordinates of the point to be measured on the actual surface to be tested in the same coordinate system   
Then the matrix of a, b, c values is expressed as, Import the data points into MATLAB, write the corresponding algorithm, and realize the fitting image of the corresponding data optimal plane in MATLAB as shown in Figure 6 
Practical Applications
The following is the practical application of the algorithm in the offshore oil 112 FPSO turbine generator installation project. Under the premise that the measuring equipment can be stably installed on the hull (that is, the impact of the ship's own vibration on the measuring equipment is within the controllable range), the turbine installation and leveling scheme of the turbine unit can be divided into three stages [7] .
Coplanarity Measurement of Octagonal Plates
Before the pair of load-bearing plates, it is necessary to measure the coplanarity of the deck part that is docked with it, that is, measure the octagonal plate (as shown below) to ensure that the load-bearing plate can be installed smoothly in the subsequent work. The octagonal board diagram is shown in Figure 7 below:
Figure7. Octagonal board
Each octagonal plate is docked with the load-bearing plate at a rectangular area of 1060 mm × 760 mm. 9 points are measured on this area on each octagonal plate, and the coplanarity is characterized by calculating the distance from each point to the optimal plane.
Bearing Plate Coplanarity Measurement
After the bearing plate set is paired and after welding, the coplanarity of the upper surface is measured to ensure that the bearing plate can meet the corresponding technical requirements after the welding is completed.
Coplanarity Measurement of SOLE PLATE
After SOLE PATE welding, it is necessary to measure the coplanarity of the upper surface to confirm that the corresponding technical requirements have been met after the SOLE PLATE welding is completed. The turbine generator base support plate has three SOLE PLATEs. To ensure a good coplanarity, it is necessary to measure the coplanarity of each SOLE PLATE [11] [12] [13] . Find 12 bisectors on each SOLE PLATE, as shown in Figure 8 below: After loading the program in AUTOCAD, use the mouse to directly capture and click on each measurement point to get the vector distance from each measurement point to the optimal plane. After calculation, the vector distance of each point on the SOLE PLATE from the optimal plane is obtained. See Figure 9 below: 
Figure8. SOLE PLATE is divided into 12 points mark schematic
Features of the New Method
The new method of coplanarity analysis presented in this paper uses the least squares method to fit the optimal plane to determine whether the coplanarity meets the corresponding technical requirements. Through application discovery, the algorithm has the following advantages: 1) Mathematical model construction is clear, easy to understand, simple in form, and easy to be understood by most people.
2) The mathematical model can fully and effectively use all measurement data, which is convenient for computer processing. Use MATLAB or AUTOCAD VBA to write the program, fit the ideal plane, and quickly calculate the vector distance from each measurement point to the optimal plane. The degree of integration is high [10] .
3) In the case of large and complex measurement data, the traditional coplanar analysis method is computationally intensive, and the method is a linear problem when using the method for coplanarity analysis. The calculation is simple and the method is not subject to data collection points. And this method is not limited by the number and distribution of data collection points. 4) A wide range of applications. The algorithm can be applied to many aspects of engineering, such as the calculation of the coplanarity of the support plate of the FPSO generator base and the coplanarity analysis of the blind flange of the marine steel structure.
CONCLUSIONS
The coplanar analysis methods described in this paper have their own characteristics, and each has its own applicable conditions. 1) When the number of data to be analyzed is small and evenly distributed, the measurement data should be matched to one of the cross-criteria, triangle criterion or linear criterion of the minimum region by linear transformation, so that the traditional coplanarity analysis method is adopted. The three-point method is simpler, but not precise enough, and the result is not unique. The diagonal method is convenient and economical, but the accuracy is not high enough. The minimum area method meets the minimum condition, but the analytical method is difficult to find directly; when the amount of analysis data is small, two parallel planes that meet the minimum condition can be found based on the data and personal experience.
2) When the number of samples to be analyzed is large and the distribution is uneven, the traditional coplanarity analysis method is cumbersome and even impossible to assess. The least squares rule is not subject to this limitation and the surface to be analyzed can be evaluated relatively accurately, and the data processing is a linear problem, and the solution is simple and convenient.
3) Since the new method of the coplanarity analysis is based on the most common simple least squares method, the generalization of the mathematical model is relatively simple. The mathematical model is not only for planes, but also for circles, spheres, cylinders. The same surface is also applicable, corresponding to the flatness, corresponding to roundness, sphericity, and so on.
